QM/MM Studies Reveal How Substrate-Substrate and Enzyme-Substrate Interactions Modulate Retaining Glycosyltransferases Catalysis and Mechanism.
Glycosyltransferases (GTs) catalyze the biosynthesis of glycosidic linkages by transferring a monosaccharide from a nucleotide sugar donor to an acceptor substrate, and they do that with exquisite regio- and stereospecificity. Retaining GTs act with retention of the configuration at the anomeric carbon of the transferred sugar. Their chemical mechanism has been under debate for long as conclusive experimental data to confirm the mechanism have been elusive. In the past years, quantum mechanical/molecular mechanical (QM/MM) calculations have shed light on the mechanistic discussion. Here, we review the work carried out in our group investigating three of these retaining enzymes (LgtC, α3GalT, and GalNAc-T2). Our results support the controversial front-side attack mechanism as the general mechanism for most retaining GTs. The latest structural data are in agreement with these findings. QM/MM calculations have revealed how enzyme-substrate and substrate-substrate interactions modulate the transfer reaction catalyzed by these enzymes. Moreover, they provide an explanation on why in some cases a strong nucleophilic residue is found on the β-face of the sugar, opening the door to a shift toward a double-displacement mechanism.